Background: Abdominal pain from primary cancer or metastatic disease is a significant cause of pain for patients undergoing treatment for the disease. Patient's pain may be resistant to conventional analgesics. The need for timely pain relief in order to facilitate further care in the cancer treatment plan should be a priority.
www.painphysicianjournal.com and complications. It is also noteworthy to consider any distortion to a patient's abdominal anatomy secondary to malignancy as it may limit a provider's access via a specific approach (17) . The purpose of this study is to demonstrate the effectiveness of the neurolytic celiac plexus block with low volumes, short duration, done early in the treatment period to facilitate pain relief without complications on the frail cancer patient.
This study is also to assess the efficacy of low volume neurolytic retrocrural celiac plexus nerve block (NRCPB) in the management of upper abdominal cancer-related pain. Value is measured based on the reduction in patient pain score, a reduction of daily opioid consumption, an improvement in quality of life (QoL), procedural time, and related complications. We avoided performing a diagnostic block on this patient population due to multiple comorbidities and risk of repeat procedures and repetitive anesthetic exposure.
Methods
This is a retrospective, observational study of patients evaluated and treated at the Cancer Treatment Center of America (a hospital-based procedure center located at the Midwestern Regional Medical Center in Zion, IL) from Sept. 12, 2011 to Dec. 31, 2015. The patient list was generated using the pain center case log. This study was approved by the institutional review board for the retrospective gathering and publishing of relevant data. The data was collected by 2 principal investigators and the results were reviewed by an independent statistician. All authors had full access to the data. There was no sponsor for the review or financial incentive at any point of the data-gathering process. All the authors reviewed and provided feedback on all subsequent manuscript drafts. All the authors vouch for the completeness and accuracy of the data analyses and affirm that the retrospective data collection was conducted and reported with fidelity to the institutional review board. Review of the patient records included the routine details on all patients in the current pain center prior to and following any pain procedure with a standard, detailed questioning and charting by the pain physicians, nurse practitioners, physician assistants and nurses. The standard, detailed data gathering was collected by the pain service and tabulated on an Excel spreadsheet for the study. Procedures were done in the hospital surgical operating room or interventional radiology suites room under local, moderate sedation or monitored anesthesia care.
Patients reviewed in the study suffered from C ancer-related pain from either primary abdominal malignancies or metastatic spread may be a source of significant pain often resistant to conventional analgesic and standard therapy. Typical treatment of cancer-related pain often relies heavily on a combination of narcotic(s) and nonnarcotic adjuvants (1) (2) (3) . During this tumultuous time, patients deal with multiple stressors (e.g., emotional and physiological). Pain remains a limiting factor to both function and quality of life (QOL) in these patients. Initial evaluation and treatment should focus on achieving pain relief, return of acceptable function, and the ability to perform activities of daily living (ADLs) (4, 5) .
For patients with upper abdominal pain secondary to malignancy, the celiac plexus nerve block (CPNB) has been used to manage pain located to the epigastric, periumbilical, left upper quadrant, right upper quadrant and mid thoracic region (6) (7) (8) . The celiac plexus contains visceral afferent and efferent which provides sensation and autonomic innervation to a majority of the upper abdominal region. Preganglionic fibers from vertebral levels T5-T12 exit the ventral roots and travel caudally as the greater (T5-9), lesser (T10-11), and least (T12) splanchnic to coalesce anterolateral to the aorta at the level between T12-L1 intervertebral disc and L2 vertebral body to form the celiac plexus (9, 10) .
With better understanding of the anatomy, there have been several approaches to the block (e.g., anterior, posterior, antecrural, retrocrural, transaortic, transgastric) developed to assess this region for denervation. In addition, there have been various methods to achieve denervation (e.g., radiofrequency ablation and chemical neurolysis with alcohol or phenol) of the celiac plexus (3, 6, (11) (12) (13) . Given the number of different approaches and modalities of performing chemical or thermal ablation of the celiac plexus, there are global complications related to the procedure and complications specific to the approach. The most common complication related to the procedure is transient hypotension; whereas, paralysis, although very rare, is the gravest reported complication (14) (15) (16) . With multiple techniques and limited cross-comparison analysis, there has yet to be determined a single best technique and/or approach. Additionally, with the advent of newer techniques, often the more traditional ones are dismissed or simply forgotten. However, when performing a CPNB, utilization of the best method and/or approach can be measured in quality and duration of pain relief, a reduction in daily opioid consumption, procedural duration Neurolytic Celiac Plexus Block for Severe Malignancy Related Pain severe, incapacitating abdominal pain, some with midthoracic back pain from primary malignancy or metastatic disease. Patients included were those unable to achieve satisfactory pain relief with pharmacological agents including escalating oral narcotics, transdermal opioids, intravenous opioids, sublingual opioids, neoadjuvant therapy, and complementary and alternative medicine. Patients selected for the study receive a pain score of < 5 using a 0-10 scale, or those who experienced adverse reactions to medications. During initial history and physical examination, an extensive evaluation was completed with the patients and caregivers. The patient's subjective pain description, location, radiation and aggravating factors were detailed for procedure purposes to determine if the block was appropriate (18) . Exclusion criteria included contraindications for regional blockade such as coagulopathy, infection at entry point, and/or sepsis, abdominal pain due to ascites, carcinomatosis, and altered mental status.
Pain scores were recorded using the numerical rating scale (ranging from 0-10) during each patient encounter and immediately after procedure completion. The QoL was a yes or no question (Are you happy with your quality of life after the block?) in which the patient would answer. Opioids were converted to oral morphine equivalents for a total of a 24-hour consumption rate to standardize the opioid dosing discussion (19) . Total daily opioid doses were collected and entered by the pain nurses. Assessment of the various markers were preoperative, postoperative, 1-week post-operative, and 1-, 2-, 3-, 4-, 5-, and 6-months post-procedure or end of patients' life, which is routine data in our pain center.
Prior to the start of each procedure, informed consent was obtained for each patient, as well as, each patient receiving intravenous fluid hydration with 1-2 liters of balanced salt solution. The retrocrural celiac plexus approach was done at the L1 level with aim toward T12. Anterior and posterior radiographic imaging aligning the spinous process of the T12 and L1 junction was used, along with 15-20-degree oblique rotation and cephalad orientation to move the transverse process from the center of the vertebral body. Local anesthetic 1% lidocaine with sodium bicarbonate20 is infiltrated along the injection direction. The anesthetic of choice was started with the patient remaining communicative and responses deemed appropriate during the injection of the local test dose and neurolytic portion. A 22-gauge or 25-gauge, 3.5 inch to 7-inch curved spinal needle (depending on patient's habitus) was advanced until the periosteal surface of the L1 vertebral body is contacted utilizing multiple AP, lateral and oblique views. In the lateral view, the spinal needle was advanced to the anterior border of the T12 L1 level (Figs. 1A and B) .
Contrast dye studies were done to verify spread and location. No air bubbles in the extension tubing were present at any time to avoid potential air embolus. Digital subtraction angiography was utilized to verify any intravascular uptake or abnormal spread patterns. A test dose of 1 mL of 0.5% bupivacaine with 1: 200,000 epinephrine per site was given. After no signs of vascular uptake, 3-5 mL of 6% aqueous phenol was injected in 1 mL aliquots while speaking to patient and the needle was removed after being flushed with local anesthetic. The procedure time averaged 16.3 minutes with minimal anesthetic or no sedation, with the patient remaining communicative during the key portions of the procedure. The patient would then be placed on the transport stretcher and remain prone for 30 minutes to avoid neuroforaminal spread. Patients were monitored in recovery for 1 hour for adverse events, the ability to eat, and to void easily. They were discharged once the hospital post anesthesia care discharge criteria were met. Patient were usually discharged home the same day with a caregiver and called within 24 hours.
Results
The study included 507 patients, all of which had suffered severe epigastric pain, right or left upper quadrant pain, flank pain or thoracic pain. All patients were > 18 years of age, ranging from 19-73 with a median age of 57.3. Male and female patients were included with 52.7% being female (267 out of 507). All patients had failed conservative therapies including escalating large doses of opioid, nonnarcotics, complementary and alternative medicines, acupuncture, mind-body medicine, and physical therapy (21, 22) . All the patients were in various stages of cancer and in progression states and had uncontrolled pain. The cause of the abdominal pain was primary abdominal malignancy such as, pancreatic, gastric, colon, renal, or distant primary malignancy with metastasis to the abdomen. Main indications for the procedure focused on the patient's subjective description of pain location, e.g., the epigastric, periumbilical, upper abdominal quadrants, flanks and mid-thoracic region (18) . Nonmalignant and functional causes of abdominal pain were ruled out by primary service prior to the intervention. The intraoperative period was uneventful with www.painphysicianjournal.com expected intraoperative decrease (28%, 142 out of 507 patients) in mean arterial blood pressure > 20% from baseline, responding to intravenous fluid therapy. All patients tolerated the procedure well, without any serious adverse events or complaints of an increase in pain score. The average procedure duration was 16.3 minutes (9.4 -19.5 minutes). The post-operative period was uneventful with no significant procedure related events. The follow-up period was 6 months post-procedurally or end of life.
Data from 507 patients regarding pain and morphine equivalents consumption were collected and analyzed in this retrospective study. Pain scores and morphine equivalents consumptions were recorded at pre-op and post-op, as well as after 1 week, and then every month until the end of the 5 month or patient death. The number of records at each time point is listed in Table 1 . Collected data was sent to an independent statistician for review and analysis.
The mean pain score of pre-op was 8.48. Mean pain scores were reduced after the procedure and during the follow-ups (Table 2, Fig. 2 ). Pain at post-op and followups was significantly reduced compared to pre-op, P < 0.001, Wilcoxon signed-rank test (Table 2, Fig. 3) .
The pre-op mean morphine consumption was 125.27mg/24 hours. Mean morphine consumption was reduced during the follow-up (Table 3 ). The reduction rates of morphine consumption at follow-ups was significant compared to pre-op, P < 0.001, Wilcoxon signed-rank test (Fig.4) .
Adjuvants of pain continued and were adjusted as needed. Those included, pregabalin, gabapentin, duloxetine, nortriptyline, amitriptyline, NSAIDS, and muscle relaxants (23, 24) . As with all patients in the center, patients were encouraged to participate in mindbody medicine and acupuncture to assist with pain and coping mechanisms (25) .
The QoL was a simple yes or no question to assess A B improvement of patient or caregivers' perspective after the neurolytic block, which was documented in the medical record on the 3-month visit. The document responses were included in the medical record (Table  3) .
Complications and expected side effects included transient diarrhea in 77 patients (15.1%) lasting up to 2 weeks. One patient did have orthostatic hypotension with postural effects lasting 4 weeks and was required to see a cardiologist for a blood pressure medication regimen adjustment. Of the patients undergoing the procedure 6.7% (34 out of 507) were noted to have initial venous and arterial contrast uptake on digital subtraction angiography (DSA). Despite a negative aspiration, needles were redirected until angiogram showed no vascular uptake.
discussion
This study demonstrates the benefit of a low volume NRCPB in the treatment of primary or metastatic pain involving the epigastric, periumbilical, upper abdominal quadrants, flanks and mid-thoracic region. Low volume NRCPB is a proven safe and efficacious therapy for patients who have already failed to receive adequate pain control despite maximal medical therapy. In addition, this retrospective study, not only, demonstrates lasting benefits up to 5 months (the measured end-point of the study), but also, an improvement in QoL and reduction in opioid consumption. This work adds to the cancer pain management literature in that it advocates for the consideration of a retrocrural blockade early on in cancer treatment for any malignancy-related visceral abdominal pain. Based on previous studies, side effects such as orthostatic hypotension and transient diarrhea are well-known, and anticipated effects of the blocks and may occur in approximately 38% to 44%
www.painphysicianjournal.com of patients respectively. These percentages were calculated based on a meta-analysis of celiac plexus blocks independent of the approach. In comparison, this study was done via a retrocrural approach, which reported a complication rate of 2% and 15% for orthostatic hypotension and transient diarrhea, respectively. With diligent utilization of the fluoroscopy C-arm, digital subtraction angiography (DSA) in all procedures performed, 6.7% of our procedures were positive for contrast venous and arterial uptake requiring repositioning, but no symptoms of phenol toxicity (e.g., tremors and seizures) and/or paraplegia were recorded. There were no occurrences of other rare complications such as retroperitoneal hematoma, pneumothorax, cardiac arrest and renal/intestinal injury. Given the relatively low risk to benefit ratio, and analgesic benefit, it is the authors' belief that this modality of pain therapy should be offered as an initial option for patients suffering from abdominal malignant pain.
Relative to past studies (6, 11) , this retrospective analysis encompasses a larger study size of 507 pa-tients limited to 2 principal investigators to maintain a homogenous technical approach and limit inter-user variability. Additionally, average procedural time was 16.3 minutes (9.4 -19.5 mins) and overall reported complication rates were low, highlighting the investigators familiarity with NRCPB. Each patient was personally seen and offered the procedure by the principal investigators at The Cancer Treatment Centers of America, Midwestern Regional Medical Center in Zion, IL. Specific to this study, the inclusion criteria require patients to have already demonstrated failure of adequate pain control with maximal medical therapy. Therefore, a strong correlation can be inferred between low volume NRCPB and the reduction in patient's pain score, as well as, morphine equivalent usage and an improvement in QoL.
Although, a retrospective study does not carry as much empirical evidence as a properly conducted randomized, controlled trial, and we understand and agree with the limitations of this study type. For future studies, we suggest a crossover, randomized, controlled trial, but this is not practical in our patient population, in which both prongs of the study eventually received interventions at staggered times. Another limitation found in this study, and what we recommend being utilized in future studies, is a more in-depth questionnaire of QOL (e.g., SF-36) given the basic yes or no question routinely asked on follow-up visits. Pain scores and morphine equivalents consumptions were recorded at pre-op and post-op, as well as after 1 week, and then every month until the end of the 5 month or patient death. We propose that future studies maintain periodic correspondence with patients until end of life to fully appreciate the effect of low volume NRCPB. Cancerrelated abdominal pain remains difficult to treat and taxing, both emotionally and physically, on the patient and their support system. High dose opioid and adjuvant therapy are often partially effective and limited by side effects and patient compliance. We demonstrate the need for early referral for these cancer patients to assist with pain control to facilitate therapies to the underlying malignancy. This technique, given the short duration of procedure time, low volume of phenol and quick recovery, demonstrates a reasonable technique to assist our patients, as well as, helping to avoid a second diagnostic block procedure. This block may be effectively utilized for multiple types of abdominal pain from primary organ cancer to metastatic disease and should not be limited to pancreatic cancer. In addition, the ability to repeat this block and avoid implantation of an intrathecal pain pump early on allows for quicker recovery and shorter procedural times. While there is debate on whether to perform a diagnostic block or proceed directly with a NRCPB, we chose to proceed directly with NRCPB to avoid exposing patients to repeat procedures and multiple anesthetic exposures in their frail state (26) . This block may enhance the QoL of the patient and promote an improvement in functionality. With celiac plexus blocks and splanchnic nerve blocks being clinically comparable, it is the authors training and appreciation of anatomical changes due to malignancy that make low volume NRCPB the preferred technique (27).
conclusion
A low volume NRCPB provides a safe and efficacious therapy in the armamentarium of an interventional pain specialist. Low volume NRCPB has proven benefit in QOL, pain score, and opioid consumption and provides long-lasting relief concordant to these patient's terminal prognosis. Given this patient population, proceeding directly to a neurolytic block to avoid repeated procedures and anesthetics is reasonable.
